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(57) Abstract 

The invention provides a method and apparatus for detecting combustible gases in an atmosphere and is particularly con- 
cerned with the detection of two or more combustible gases in the atmosphere. The detection is acheived by measuring the resist- 
ance of a heated pellistor (10) consisting of an electrical resistance wire that is in thermal contact with a catalyst on which the 
combustible gases can combust; the conbustion results in an increase in the temperature of the resistance wire and so changes the 
resistance of the wire in accordance with the amount o* combustible gas in the atmosphere; the resistance may be measured by 
incorporating the peilistor into a bridge (10, 16, 18, 20). Difficulties arise when two or more combustible gases are present since 
different gases produce different temperature rises. The present invention alters the potential applied across the wire during the 
course of measurement by a voltage pulse generator (14), thereby also altering the temperature of the catalyst, and it is possible 
either to resolve the resulting resistance readings into resistance readings for the individual combustible gases or to integrate the 
resistance readings over time so that the signal produced will be approximately the same for unit amounts of many combustible 
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COMBUSTIBLE GAS DETECTION 

TECHNICAL FIELD 

The present invention relates to the detection of 
5 combustible gas, 
BACKGROUND ART 

Combustible gases can be detected by a device called a 
'pellistor 1 comprises an electrical resistance wire in thermal 
contact with a catalyst that catalyses the decomposition of the 
10 combustible material. The catalyst may be deposited directly on 
the resistance wire or it may be depos ited on the surface of a 
bead, e.g. of refractory material, through which the resistance 
wire passes, the part of the wire lying within the bead is 
usually coiled to provide the pellistor with a sufficient 

15 electrical resistance; by passing an electrical current through 
the wire the pellistor can be heated to a temperature at which 
the combustible gas will decompose on the catalyst surface. The 
current flowing through the wire is measured and provides a 
measure of the amount of a combustible gas in the atmosphere as 

20 follows: the decomposition of combustible gas on the catalyst 
surface gives out energy which heats the resistance wire, the 
increase in temperature causes the resistance of the wire to 
increase and so the current flowing through the pellistor x^r 
decreases (assuming a constant potential drop across the wire) 

25 and this is detected and provides a measure of the amount of the 
combustible gas in the atmosphere. 

One problem with pellistor operation is that the signal from 
a given pellistor (i.e. the change -in the resistance of the 
pellistor wire for each percent of a gas) is not consistent from 

30 gas to gas and 1% methane will give a different reading to, say, < 
12 xylene; generally speaking the resistance change in a 
pellistor for a given percentage of combustible gas decreases as 
the molecular weight of the gas increases. This gives rise to two 
problems: firstly, it is necessary to calibrate the pellistor for 

35 each different type of gas that it is desired to detect and 
secondly inaccurate readings will be obtained if two or more 
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DISCLOSURE OF INVENTION 

Instead of applying a fixed voltage across the pellistor to 
maintain the pellistor at a fixed temperature (in the absence of 
a combustible gas), the present invention deliberately varies the 
5 temperature of the pellistor over a range and processes the 
changing signal received over that range to provide a more 
accurate reading of the amounts of combustible gases present; in 
one embodiment we have found that, by choosing suitable 
temperature ranges, an output signal can be produced that is 

10 approximately the same for two or more combustible gases. This is 
illustrated in Figure 2, which is a'graph of the signal from a 
pellistor (the current flowing through the pellistor) against 
temperature T for three gases (e.g. methane, hexane and xylene). 
The areas under the three curves within the temperature range Tp 

15 T 2 are approximately equal. Thus when the temperature of the 
pellistor is changed from temperature Tj to T 2 (or vice versa), 
and the resulting output signal is integrated, the integrated 
signal is a measure of the percentage of LEL for each gas (or gas 
mixture) irrespective of the nature of the gas. 

20 It is evident that the areas under the graphs will not be 

exactly identical but they will be to an acceptable 
approximation. 

The variation in temperature can be brought about by 
applying pulses of electrical potential periodically to the 

25 pellistors; it is known e.g. from GB- 2,185,577 to heat 
pel lis tors using electrical current of pulsed wave form so that 
the temperature of the pellistor can be altered by changing the 
frequency or the pulse duration of the waveform. However, in 
these known cases the frequency of the current is so high that 

30 the temperature of the pellistor remains constant and does not 
change significantly through a cycle. In„ the present invention, 
the pellistor temperature must change s ign if icant ly dur ing : the 
course of a pulse. 

According to a second embodiment of the present invention, 

35 the change in the resistance of a pellistor can be analysed over 
the temperature range to provide readings of the amounts of each 
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combustible gas in the atmosphere. 

In the present invention, the resistance of the resistance 
wire can be measured by incorporating the wire/catalyst in one 
arm of a wheatstone bridge and measuring the voltage between the 
5 balance points of the bridge. As will be apparent, it is not 
necessary to measure the resistance of the wire directly and 
other parameters that vary in accordance with the resistance, 
e.g. the current flowing through the wire or the vol tage across a 
wheatstone bridge can instead be measured. 
10 Hereafter in the description, the combined resistance wire 

and catalyst will, for simplicity, be referred to as a 
'pellistor 1 . 

The potential difference across the pellistor is preferably 
applied cyclically and in the course of each cycle, the 
15 temperature of the pellistor will change from a first temperature 
Tj to a second temperature T 2 (for a fixed amount of combustible 
gas in the atmosphere). 

Although theoretically it is possible for temperature T 2 to 
be higher than temperature T ls it is preferred that temperature 
20 Tj is greater than tempeature T 2 and, in each cycle, the 
pellistor is allowed to cool from temperature Tj to temperature 
T' 2 ; if T" 2 were higher than Tj f the pellistor would as it cooled 
down from temperature T 2 , provide a signal and this could lead 
to inaccuracies. 

25 It is important that the temperature change between 

temperatures Tj and T 2 should be gradual by which we mean that 
the transition from temperature Tj to T 2 must not be 
instantaneous and should be sufficiently long to allow the 
pellistor to provide signals at temperatures intermediate between 

30 Tj and T 2 but the term 'gradual' is not intended to require that 
the temperature necessarily changes smoothly between temperatures 
T 2 and T 2 . It is desirable, in order to provide maximum accuracy, 
for the frequency of the cycles to be as high as possible and so 
the time of the transition between temperatures T l and T 2 should 

35 not be excessive. We have found that a transition time of 1 to 20 
ms, e.g. 2 to 10 ms and particulary about 4 ms is sufficient to 
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provide accurate readings. 

It will be appreciated that the temperatures T, and T , of 
the pellistor will not usually be known but rather the potential 
supplied to the pellistor will be varied (usually empirically) to 
:> provide temperatures Tj and T 2 . 
BRIEF DESC RIPTION OF THE DRAWINGS 

The invention , will be explained in further detail with the 
aid of the following drawings in which: 

Figure 1 is a graph of the change in the output signal 
from a prxor art wheatstone bridge incorporating a pellistor 
measured as the current flowing through the pellistor) against 
he pellxstor operating temperature for methane and hexane at a - 
fixed concentration (measured as 2 LEL); 

15 h Fi8Ur ! 2 " 8ame " Fi8Ure 1 bUt " res * ect ° f -thane, 
15 hexane, and xylene; 

Figure 3 shows a pellistor control circuit for use in the 
present invention; 

Figure 4 shows (a) the voltage pulses supplied by the 
cxrcuxt of Figure 3 to the pellistor and (b) the consequential 
varxatxon in operating temperature of the pellistor in the 
absence of combustible gas; 

Figure 5 is a graph of the output signal (i„ BA)from the 
cxrcuxt of Figure 3 against the concentration of methane 
(measured as 2 LEL), 

Figure 6 shows a second pellistor control circuit of the 
present invention, 

Figure 7 is a graph showing the signal received from the 
cxrcuxt of Figure 6 against current passed through the circuit 
for an atmosphere containing 402 LEL methane and 402 LEL pentane 

Figures 8 and 9 are graphs showing the signal of Figure 7 
-solved into the signal for methane (Figure 8) and the signal 
for pentane (Figure 9). 

The graphs of Figurfis l flnd 2 haye airea<jy J 

ahove but two further points should be made about these Figures - 

<1> It is possible to operate a pellistor to detect two 
Sases so that the output signal per 2 LEL of each gas is 
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identical by maintaining the temperature of the pell is tor at T x 
shown in Figure 1. The problem with this approach is that a small 
variation in operating temperature (to say T y ) has grave effects 
on the signal, produced by the two gases. The integration of the 
5 signal between temperatures T l and T 2 (see Figure 2) gives a far 
lower error when there are slight variations in temperatures. In 
this connection it should be remembered that pellistors are often 
powered by batteries in portable detection units and so are prone 
to slight variations in operating voltage causing errors in the 
10 operating temperature of a pellistor. 

(2) The choice of temperatures Tj and T 2 in the graphs of 
Figures 1 and 2 are obviously important. They can be optimised 
for any combination of combustible gases that it is desired to 
detect, but their precise values will usually be set empirically. 
15 The difference between temperatures T± and T 2 is preferably 
between 30 and 70°C, e.g. 40 to 60 °C and preferably about 50°C 
(although the e> *ct difference will of course depend on the 
shapes of the signal vs temperature graphs for the desired 
gases). If the temperature variation is excessively high the 
20 pellistor wire could melt (or fuse) or the catalyst may be 
damaged and if it is too low, the pellistor will, in effect, be 
' operating at a constant temperature which does not give the 
benefits of the present invention. 

Referring to Figures 3 and 4, the former shows a circuit for 
25 providing the desired temperature changes; the pellistor 10 is 
incorporated into a bridge circuit connected between a supply 
rail 12 at 4.4V and earth. A pulse generator 14 of standard, 
known type which incorporates a field effect transistor, provides 
a pulsed voltage (shown in Figure 4a) to the bridge; the control 
30 of the pulses can be achieved by a microprocessor. Apart from 
the pellistor, the bridge contains a thermistor 16, which is 
positioned close to the pellistor, and two fixed resistors 18 and 
20 in order to provide temperature compensation. Instead of a 
thermistor 16, a second pellistor may be used but the second 
35 pellistor should not have any catalyst or the catalyst should be 
poisoned. A capacitor 22 is connected across the bridge to 
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next of 12.2 mS has proved satisfactory. 

The circuit of Figure 6 is essentially the same as that of 
Figure '3 except the capacitor 22 has been removed, an ammeter 26 
is connected to detect the current supplied to the bridge and the 
output of voltmeter 24 is connected to a microprocessor 30 
incorporating an output device 32, which may be a graph-plotter, 
a display or a printer. The microprocessor 30 can, of course, 
control the voltage pulses applied at 14 and this is shown in 
Figure 6. The other elements of the circuit of Figure 6 are the 
same as the circuit of Figure 3 and the same reference numbers 
have been used in the two circuits to indicate the same elements. 
It will be appreciated that the voltage difference at the 
voltmeter 24 will provide an approximate measure of the 
resistance of the pellistor 10 and the current flowing through 
the bridge (as measured by the ammeter 26) will govern the 
operating temperature of the pellistor 10. 

The apparatus of Figure 6 must be zeroed before it can 
operate satisfactorily. This is done by exposing the pellistor to 
an atmosphere containing no combustible gas; pulses of potential 
of the form shown in Figure 4(a) are applied across the bridge by 
device 14 under the control of the microprocessor 30. The 
voltages between the balance points of the bridge. (as measured by 
the voltmeter 24) during the course of each pulse (as measured 
by the ammeter 26) are stored in the microprocessor 30 as "zero 
voltages". The pellistor 10 is then exposed to a test atmosphere 
containing combustible gas and the voltages between the balance 
points of the bridge (as measured by the voltmeter 24) during the 
course of each pulse are fed to the microprocessor 30. The zero 
voltages are then subtracted from the^test voltages (at 
corresponding times of the pulse) to provide voltage values 
(hereafter called "signal voltages") due to the presence in the 
atmosphere of the combustible test gas. The zero voltages need 
only be taken occasionally, e.g. when the apparatus is first 
switched on. 

35 if there is only one combustible gas in the atmosphere, the 

amount of this gas can be found either by dividing one of the 
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Gas 



Signal 
mA/% LEL 



Hexane /me thane 
signal ratio 



Theoretical 
hexane /me thane 
signal ratio 



Methane 
Hexane 



0.0325 
0.0350 



1.00 
1.08 



1.00 
0.37 



The theoretical hexane/me thane signal ratio shown in the 
above table is the ratio of the signals that one would normally 

10 expect for the two gases using the type of pellistor in the 
circuit of Figure 3 taken at the optimum temperature for each 
gas. Thus, it can be seen that by operating according to the 
present invention the signal to methane is practically identical 
to the signal to hexane and this allows the same detector to be 

15 used without further calibration to measure both hexane and 
methane and mixtures thereof. 

One advantage of the arrangement of the present invention 
for use with high molecular weight gases, e.g. xylene, is that it 
prevents the poisoning of the pell is tor . High molecular weight 

20 gases are usually detected at relatively low temperatures and 
their decomposition can cause a deposit on the pellistor catalyst 
surface. Because the arrangement of the present invention 
operates over a broad temperature range that includes a 
relatively high temperature, the deposits do not form on the 

25 pellistor or, if they do form, they are at least partially burnt 
off at the high temperatures involved. 



Example 3 

The pellistor 10 in the circuit of Figure 6 is exposed to an 
30 atmosphere containing no combustible gas; pulses of potential of 
the form shown in Figure 4(a) are applied across the bridge by 
device 14 under the control of the microprocessor 30. The 
voltages across the bridge (as measured by the voltmeter 24) 
applied during the course of each pulse are stored in the 
35 microprocessor 30 as "zero voltages". The pellistor 10 is then 
exposed to a test atmosphere containing methane and pentane each 
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in an amount of 40% of their respective LELs and the voltage 
pulses (as shown in Figure 4(a)) are imposed across the bridge. 
The voltages between the balance points of the bridge (as 
measured by the voltmeter 24) during the course of each pulse 
5 are fed to the microprocessor 30. The zero voltages are then 
subtracted from the test voltages to provide signal voltages, 
i.e. voltage changes due to the presence in the atmosphere of 
methane and pentane. 

The signal voltages over the course of a pulse for the above 
test atmosphere against current (as measured by ammeter 26) are 
plotted in Figure 7. 

It will be observed that the graph shown in Figure 7 has a 
complex structure. It is possible to resolve the graph of Figure 
7 into two component curves shown in Figures 8 and 9 using 
commercially-available computer software; basically, this is 
achieved by counting the number of peaks (or inflection points) 
in the graph and assuming that the graph is made up of a 
corresponding number of Gaussian curves. This has been done in 
respect of the graph in Figure 7 to provide a graph (Figure 8) 
for methane; the graph for pentane (Figure 9) may then be derived 
by subtracting the graph of Figure 8 from that of Figure 7. The 
amount of each gas can be calculated either by integrating the 
resolved graphs (i.e. graphs of Figures 8 and 9) and dividing the 
resulting integrated values by the corresponding integrated value 
for 100% LEL of the respective gas or by measuring the maximum 
signal voltage and dividing it by the corresponding maximum 
signal at 100% LEL of the respective gas to provide readings 
expressed as percentages of the LEL. 

The above calculations can be performed by the 
microprocessor 30 without drawing the graphs shown in Figures 7 
to 9. 
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CLAIMS 

1. A method of measuring the amount of combustible gas(es) 
in an atmosphere, which method comprises: 
5 (1) contacting the atmosphere with a catalyst for catalysing 

the combustion of the said gas(es), 

(2) applying a potential difference across a resistance wire 
that is in thermal contact with the catalyst- so as to heat the 
catalyst to a temperature at which the combustible gas(es) 

10 are combusted, 

(3) varying the potential difference being applied across 
the resistance wire over time thereby varying the operating 
temperature of, the catalyst, 

(4) measuring the change in the electrical resistance of the 
15 resistance wire (or a parameter that varies therewith) due to the 

presence of the combustible gas(es) over at least part of the 
applied potential range to provide a measure of the amount of 
combustible gas in the atmosphere. 

20 2. A method as claimed In claim 1, wherein the electrical 

resistance (or the parameter varying therewith) of the resistance 
wire is integrated over at least part of the applied potential 
range to provide the said measure of the amount of combustible 
gas in the atmosphere. 

25 

3. A method as claimed in claim 2, wherein the atmosphere 
contains two or more combustible gases and wherein the applied 
potential range over which the electrical 
resistance (or the parameter varying therewith) is integrated is 
30 so chosen that the integrated resistance per unit amount of each 
combustible gas is approximately the same as the integrated 
resistance per unit amount of the or each of the other 
combustible gas(es). 

35 4. a method as claimed in claim 1, wherein the potential 

difference applied across the resistance wire is varied 
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cyclically. 

5. A method as claimed in claim 4, wherein each cycle is 
repeated every 1 t0 50 milliseconds, e.g. every 5 to 30 
milliseconds and preferably every 10 to 20 milliseconds. 

6. A method as claimed in dim 4, wherein a potential 
difference is maintained across the resistance wire for a part 
only of each cycle. 

7. A method as claimed in claim 4, wherein a potential 
difference is applied across the resistance wire for 1 to 20 
milliseconds, e.g. 2 to 10 milliseconds, and preferably for ahont 
4 milliseconds in each cycle. 

8. A method as claimed in claim 1 for measuring the amounts 
of two or more combustible gases in an atmosphere which comprises 
analysing the change in the electrical resistance (or the 
parameter varying therewith) of the resistance wire over at least 
Part of the applied potential range and deriving therefrom the 
resistance change (or the change in the saidother parameter) due 
to each combustible gas and calculating f rom the . said resisUnce 
changes the amounts of each gas in the atmosphere. 

25 9. A method as claimed in claim 8, wherein the calculation 

of the amounts of each gas in the atmosphere comprises talcing the 
-ximum resistance change (or change in the said other parameter) 
occurring over the applied potential' range for each gas and 
dividing the said maximum resistance changes by a predetermined 
value for each gas concerned, the resulting values giving the 
amounts of the gases in the atmosphere. 
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;10. A method as claimed, in claim 8, wherein the calculat 
of the amounts of each gas in the atmosphere compris 
integrating the resistance changes (or change in the said otl,« 
Parameter) resulting f rG m each gas and dividing the said 
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integrated resistance changes by a predetermined value for each 
gas concerned, the resulting values being the amounts of the 
gases -in the atmosphere. 

5 11. An apparatus for measuring the amount of combustible 

gas(es) in an atmosphere, the apparatus comprising: 

(1) a catalyst for catalysing the combustion of the said 
combustible gas(es), 

(2) an electrical resistance wire in thermal contact with 
10 the catalyst, 

(3) means for applying a potential difference across the 
resistance wire to heat the wire to a temperature at which the 
combustible gas(es) will combust and for varying the applied 
potential with time, thereby also varying the operating 

15 temperature of the catalyst, 

(4) means for measuring over at least part of the applied 
potential range the change in the electrical resistance of the 
resistance wire (or a parameter varying therewith) due to the 
presence of the combustible gas(es) and 

20 (5) means for calculating from the said electrical resitance 

change (or change in the said other parameter) the amount of 
combustible gas in the atmosphere. 

12. An apparatus as claimed in claim 11, wherein the said 
25 calculating means integrates the electrictfl resistance (or the 
said other parameter) over at least part of the applied potential 
range. 

13* An apparatus as claimed in claim 12, for measuring the 
30 amount of two or more combustible gases in an atmosphere, wherein 
the applied potential range over which the electrical resistance 
of the resistance wire (or a parameter varying therewith) is 
integrated is such that the integrated resistance per unit amount 
of each combustible gas is approximately the same as the 
35 integrated resistance per unit amount of the or each of the other 
combustible gas(es). 
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14. An apparatus as' claimed in claim 11, wherein the said 
means for applying a potential difference varies the potential 
cyclically. 

15. An apparatus as claimed in claim 14, wherein each 
cycle is repeated every 1 to 50 milliseconds, e.g. every 5 to 30 
milliseconds and preferably every 10 to 20 milliseconds. 

.16. An apparatus as claimed in claim 14, wherein the said 
means for applying a potential difference maintains a potential 
difference across the resistance wire for part only of each 
cycle, 

17. An apparatus as claimed in claim 14, wherein the said 
means for applying a potential difference across the resistance 
wxre applies the said potential difference for 1 t0 20 
milliseconds, e.g. 2 to 10 milliseconds, and preferably for about 
4 milliseconds in each cycle. 

18. An apparatus as claimed in claim 11 for measuring the 
amounts of two or more combustible gases in .an atmosphere 
wherein the calculating means analyses the change in the 
electrical resistance of the resistance wire (or a parameter 
varying therewith) and derives the resistance change (or change 
m the said other parameter) due to each combustible gas and 
calculates from such resistance changes the amounts of each gas 
in the atmosphere. 

30 19. An apparatus as claimed in claim 18, wherein the 

calculating means divides the maximum resistance change (or 
change in said other parameter) detected for each gas over the 
applied potential range by a predetermined value for each gas 
concerned, the resulting values giving the amount of the various 

35 combustible gases in the atmosphere. 
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20. An apparatus as claimed in claim 18, wherein Che 
calculating means integrates the resistance change (or change in 
said other parameter) attributable to each combustible gas over 
at least part of the potential range and divides the said 
5 integrated resistance (or said other parameter) by a 
predetermined value for each gas concerned, the resulting values 
being the amounts of the various combustible gases in the 
atmosphere. 
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